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Use of organic compost in soil amendment in agricultural practice may tend to transfer heavy metals 
and can be a health concern. This study aims to investigate the possible mobilization of selected heavy 
metals from municipal compost amended soil. Experimental plots (250 m2) were divided into four equal 
portions and alternate portions were amended with municipal compost and left for 5 weeks. Soil 
physicochemical characteristics for compost, compost amended soil, and unamended soil were 
obtained by standard procedures, single extraction was obtained by diethylenetriamine penta acetic 
acid (DTPA) protocol, and the geochemical forms were obtained by Bureau Community of Reference 
(BCR) sequential extraction method. The extracts were analyzed using Atomic Absorption 
Spectrophotometer (Buck Scientific Model 210). In this study, the amendment of soil with compost 
resulted in significant changes in various physico-chemical properties, with notable percentage 
increases: pH (16.72%), electrical conductivity (EC, 1509.63%), organic carbon (OC, 100.24%), organic 
matter (OM, 24.43%), organic nitrogen (ON, 24.41%), potassium (K, 1950.63%), sodium (Na, 325.03%), 
calcium (Ca, 67.93%), and magnesium (Mg, 112.92%). Although, the concentrations of metals were 
marginally altered by amendments, the study has revealed soil amendment with organic compost a 
potential source of heavy metals in diet.  
 
Key words: Heavy metals, sequential extraction, mobility, municipal waste compost, agricultural soil, 
environmental health. 

 
 
INTRODUCTION 
 
The concept of recycling  municipal  waste  nutrients  and  organic  materials  into  agricultural farms is both practical  
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and advantageous (Ahmed et al., 2019). Compost, which 
is a mixture of organic waste materials including decayed 
flora and other organic matter, serves as a valuable 
source of organic soil for gardeners, supplying nutrients 
to crops and enhancing soil structure, fertility, and 
productivity (USDA, 2005). This practice is essential for 
effective organic waste disposal, a fundamental aspect of 
compost production. The primary objective of soil 
amendments is to improve soil fertility and increase crop 
productivity. Municipal derived-compost is rich in organic 
matter, contains essential plant nutrient, cheap and 
available, therefore it has been an alternative soil 
amendment (Pergola et al., 2018).  

Lack of proper sorting of municipal waste prior to 
composting is a major route for heavy metal 
contamination. Their concentration differs largely 
depending on their sources, composting process, and 
geographical location (Sharma et al., 2019). Often times, 
present in municipal wastes are batteries, cigarette, metal 
scraps, electronic parts, computer parts, cosmetics, non-
essential elements, persistent organic compound and/or 
microorganism which can contribute toxic metals into 
compost; this may be detrimental to animals, plants, and 
man when absorbed into food chain (Iwegbue et al., 
2005). Their presence in high concentration can restrict 
the use of compost on agricultural land and has raised 
serious concern about the application of composts in 
relation to public health safety and thus its use to grow 
crops destined for human consumption (Lar and Usman, 
2014). The mobility and availability of heavy metals in soil 
are controlled by adsorption and desorption 
characteristics of soils. The adsorption and desorption of 
heavy metals have been proven to be associated with 
soil properties, including pH, organic matter content, 
cation exchange capacity (CEC), oxidation-reduction 
status (Eh), clay minerals, calcium carbonate, Fe, and Mn 
oxides (Caporale and Violante, 2016). Among these soil 
properties, soil pH was found to play the most important 
role in determining metal distribution and mobility and 
eventually bioavailability. There is a direct correlation 
between soil pH and metal retention (Zeng et al., 2011). 
Heavy metal in food has been found to produce terminal 
diseases (Onakpa et al., 2018). 

Due to the potential risks associated with the use of 
heavy metal-contaminated compost, many countries 
worldwide have established specific guidelines and 
standards for compost application in agricultural settings 
(Arora and Chauhan, 2021). Garnier et al. (2006) have 
emphasized the significance of understanding the 
fractions and chemical forms of metals in amended soil, 
as they play a crucial role in determining their potential 
remobilization, phytoavailability, and environmental 
impact. As a result, the primary objective of this research 
is to investigate the remobilization potential of selected 
heavy metals in agricultural soil amended with organic 
compost  derived   from  municipal  solid  waste  in  Akure 

 
 
 
 
metropolis, Nigeria. 
 
 
MATERIALS AND METHODS 
 
Farm description 
 
The study farm is located within the premises of Federal University 
of Technology Akure, Ondo State, Nigeria. It is a plain land with 
short trees and shrubs, with no record of any agricultural activities. 
The farm has an area of 250 m2 (25 × 10 m) and located on 
longitude N 07° 17’59.8”; latitude of E 005° 08’03.4”. 
 
 
Farm preparation and soil sampling 
 
The experimental plot (250 m2) used for the study was cleared and 
plough (30 cm) into 4 garden beds of 62.5 m2 each. Alternate 
portions were amended with 3.75 × 50 kg compost fertilizer 
obtained from the Ondo State Waste Management Authority, Akure 
to give approximately 30 tonnes of compost/hectare of sandy clay 
loam soil recommended for vegetable farming (Pivato et al., 2014), 
while the other two alternate portions were left unamended (Figure 
1). The study farm soil was mixed with the compost, up to a depth 
of 20 cm, left for 5 weeks for adequate compost-soil interaction 
(Setia et al., 2011) and then 5 points each were sampled from each 
segment; using systematic random sampling method, packed 
carefully into polythene bags and transported to the laboratory. In 
the laboratory, soil samples were mixed thoroughly, air-dried at 
room temperature in a dust free laboratory, disaggregated using 
agate mortal, sieved through 2.0 mm BS standard sieve and kept in 
clean polyethylene bag for analysis (Inengite et al., 2015).  
 
 
Soil analysis 
 
Determination of soil physicochemical properties 
 
pH and electrical conductivity were measured using the 
electrometry method (ASTM, 2018). Organic carbon content was 
determined with the Walkley-Black method (AOAC, 2009). Soil 
particle sizes were analyzed through the hydrometer method as 
described by Inengite et al. (2015). Additionally, exchangeable 
bases were extracted using a 1 M ammonium acetate solution, and 
the resulting supernatant was subjected to analysis for potassium 
(K) and sodium (Na) using a Flame Photometer as well as 
magnesium (Mg) and calcium (Ca) using an Atomic Absorption 
Spectrophotometer (Inengite et al., 2015). 

 
 
Extraction of heavy metals using diethyleneamine tetrapenta 
acetic acid (DTPA) 
 
Solutions (20 ml) of 0.005 M DTPA, 0.01 M TEA (triethanolamine), 
and 0.01 M CaCl2 (2:1:1) were adjusted to pH 7.3 using 0.1 M HCl 
and added to 10 g of compost, amended, and unamended soil.  
The mixture was thereafter shaken for 2 h, filtered into 60 ml 
sample bottle and analysed using AAS for the selected heavy 
metals (Wei et al., 2011). 

 
 
Sequential extraction of heavy metals analysis using Bureau 
Community of Reference (BCR) method 
 
A   three  step  BCR  sequential  extraction  procedure  (Fernandez- 
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Figure 1. Farm sketch showing compost amended and unamended portion. 

 
 
 
Ondono et al., 2017) was used to sequentially extract the heavy 
metals into their chemical form. The residue was treated with aqua 
regia as depicted in Figure 2. 
 
 
Statistical analysis 
 
Significant differences between concentrations of heavy metals in 
compost-amended and unamended soil as well as fraction 1 of 
BCR sequential extraction and DTPA single extraction were 
analyzed by ANOVA. Statistical significance was defined as p < 
0.05. 

 
 
RESULTS AND DISCUSSION 
 

Table 1 presents the characteristics of the compost 
(CMP), compost-amended soil (CAS), and unamended 
soil (UAS). The pH of unamended soil, compost 
amended soil, and compost ranged between 5.68 and 
9.07. The pH of the unamended soil and compost-
amended soil is within most plants’ optimum pH of 5.5 to 
7.0 whereas that of compost is a little higher. Compost 
application has been known to increase soil pH thereby 
limiting the mobility of heavy metals (Beesley et al., 2010; 
Fanrong et al., 2011). Electrical conductivity increases 
from 44.67 µS/cm  in  UAS  to  75.17 µS/cm  in  compost-

amended soil. Organic carbon content was 37.5 g/kg in 
compost, this equally translated to higher organic carbon 
from 25.35 g/kg in UAS to 31.55 g/kg in compost-
amended soil. Compost application on unamended soil 
recorded a percentage increase of 32.40% in soil organic 
carbon. C/N ratio has a value of 20.00 for compost which 
is marginal after application. The concentrations of 
exchangeable cations are Na (28.01 g/kg), Mg (47.27 
g/kg), K (147.03 g/kg), and Ca (153.49 cmol/kg) for CAS 
and Na (6.59 g/kg), Mg (22.20 g/kg), K (7.17 g/kg), and 
Ca (91.40 g/kg) for unamended soil. The possible reason 
for the higher concentrations of exchangeable cations 
and organic matter in compost-amended soil could be 
related to the decomposition of organic material in 
municipal waste to release K, Na, Ca, and Mg into the 
soil and makes soil less susceptible to erosion, which is 
in line with the work of Fageria (2009). 
Compost-amended soil and unamended soil fall into 
similar textural class of sandy clay loam. 

DTPA is regarded as a more attractive alternative to 
acids or bases in metal extraction processes because 
they can form strong metal-ligand complexes and are 
thus highly effective in remediating heavy metal-
contaminated soils (Malathi and Stalin, 2018). DTPA on 
the other hand  is  a  single  extraction  method  and  it  is  
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Figure 2. Flow chat of BCR sequential extraction method. 

 
 
 
usually used to mimic plant nutrient uptake. The mean 
concentration of Fe, Cu, Zn, Pb, and Ni in UAS, CAS, 
and CMP using DTPA single extraction is presented in 
Table 2. For all metal, CMP has the highest extracted 
concentrations, followed by CAS. The concentration of 
the metals is in the following decreasing order: Fe > Zn > 
Cu > Ni > Pb, Fe > Zn > Ni > Cu > Pb, and Fe > Zn > Ni > 
Cu > Pb for UAS, CAS, and CMP, respectively. Fe had 
the highest concentration; next to it is Zn in UAS, CAS, 
and CMP while Pb is the least. 

The chemical form and distribution of heavy metals in 
soil control the degree to which metal and their compound 

are mobile, extractable, and phytoavailable. Heavy metals 
in soluble, carbonates, and exchangeable fractions tend 
to be more mobile possibly by lower soil pH and changes 
in redox potential (Shen et al., 2022). The most mobile 
metals are removed in the first fractions and continue in 
order of decreasing mobility during sequential extraction 
procedures. 

Typically, metals of anthropogenic input tend to reside 
in this phase while metals found in the residual fractions 
are of natural origin from the parent rock (Ratuzny et al., 
2009). In Table 3, F1 and F2 fractions contain significant 
quantities of heavy metals which can be phytoavailable or  
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Table 1. Mean value of physico-chemical parameters for compost, compost amended and 
unamended soil. 
  

Parameter N CMP CAS UAS 

pH 6 9.07 ± 0.06b 6.63 ± 0.21b 5.68 ± 0.41a 

EC (µЅcm-3)                6 3003.33 ± 6.09c 75.17 ± 5.42b 44.67 ± 5.65a 

SOC (g/kg)                  6 37.50 ± 0.15c c 31.55 ± 0.61b 25.35 ± 0.46a 

ON (g/kg)                     6 1.88 ± 0.01c 1.58 ± 0.03b 1.27 ± 0.02a 

C:N 6 19.95 ± 0.00a 19.97 ± 0.01a 19.96 ± 0.02a 

Na (cmol/kg)              6 357.93 ± 1.72a a 28.01 ± 0.47a 6.59 ± 1.23a 

Mg (cmol/kg)            6 153.52 ± 1.28c 47.27 ± 1.17b 22.20 ± 4.12a 

K (cmol/kg) 6 2652.62 ± 8.37c 147.03 ± 1.10b 7.17 ± 1.69a 

Ca (cmol/kg)              6 205.63 ± 1.31c 153.49 ± 2.30b 91.40 ± 1.89a 

% Clay                     6 - 24.50 ± 1.06a 22.50 ± 1.34a 

% Silt 6 -- 25.00 ± 1.14b 18.00 ± 3.43a 

% Sand 6  50.50 ± 3.31a 59.50 ± 1.34a 
 

UAS: Unamended soil; CAS: compost amended soil; CMP: compost; N: number of replicates = 3. Alphabets 
in superscripts denote the homogenous groupings from ANOVA and Duncan Multiple Range test. 

 
 
 

Table 2. Heavy metal concentration (mg/kg) in DTPA extraction protocol. 
 

Metal 
CMP CAS UAS 

Mean ± SD Mean ± SD Mean ± SD 

Fe 74.73c ± 1.60 44.13b ± 0.53 33.42a ± 0.33 

Cu 11.77c ± 0.62 5.78b ± 0.02 0.41a ± 0.00 

Zn 13.43c ± 1.92 10.85b ± 0.01 0.83a ± 0.00 

Pb 0.62b ± 0.00 0.19a ± 0.00 0.00 ± 0.00 

Ni 12.31c ± 0.02 9.51b ± 0.01 0.30a ± 0.00 
 

UAS: Unamended soil; CAS: compost amended soil; CMP: compost; N: number of replicates = 
3. Alphabets in superscripts denote the homogenous groupings from ANOVA and Duncan 
Multiple Range test. 

 
 
 
leached during changes in environmental conditions. 
They could pose threat to groundwater quality as well as 
plant absorption. Acidic environment also enhances the 
mobility of metal in the environment in this group; 
therefore, those metals found in F2 fraction are very 
sensitive to pH changes and could be leached at lower 
pH (Zheng et al., 2007).  

In Table 3, the concentrations of Fe, Zn, and Ni in 
CMP, CAS, and UAS, as obtained by BCR extraction, 
exhibits the following order: F1 > F2 > F3 > Residual for 
Fe, F1 > Residual > F2 > F3 for Zn, and F1 > Residual > 
F3 > F2 for Ni. The results indicate that Fe, Zn, and Ni 
were released in easily mobilized forms (F1) at all stages 
of the sequential extraction for CMP, CAS, and UAS, 
consistent with the findings of Nomeda et al. (2008). This 
suggests that Fe, Zn, and Ni in the F1 fraction are readily 
available for plant uptake (Lee et al., 2015) and may have 
anthropogenic sources originating from the compost 
(Ratuzny  et  al.,  2009).  Aside  from  Fe,  which  is  more 

abundant in the Earth's crust, sources of Ni and Zn in the 
environment include mining activities, combustion of coal, 
diesel and fuel oil, sewage and waste incineration, and 
tobacco smoking. These sources are commonly 
associated with municipal solid waste, making them 
potential contributors to the presence of Ni and Zn in 
compost. 

A larger portion of Cu and Pb was found to be 
associated in the F4 (residual) which is the fraction more 
resistant to extraction. This could be that a larger portion 
of Cu and Pb occurs naturally in the parent material, that 
is, in the agricultural soil used in this study (Haroun et al., 
2009). The concentration of Cu and Pb in UAS, CAS, and 
CMP obtained by BCR extraction follows this order: 
Residual > F 1 > F 2 > F 3. This result is similar to that of 
Li et al. (2012) who found percentages of Pb in soil 
fractions decreasing in the order of Residual ˃ F 1 ˃ F 3 
˃ F 2. Metals contained in the crystal lattices of the 
minerals  or   residual   phase   are   strongly  bound  and  
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Table 3. Heavy metal concentration (mg/kg) in compost, compost-amended soil and unamended soil in BCR Sequential Extraction. 
 

Metal 
F1  F2  F3  Residual 

CMP CAS  UAS CMP CAS  UAS CMP CAS  UAS CMP CAS UAS 

Fe 50.15b ± 0.04 46.24b ± 0.04  30.24a ± 0.05 34.10a ± 0.13 36.83c ± 1.35  36.34b ± 2.40 24.99a ± 1.09 29.75a ± 1.33  29.39a ± 0.52 10.49a ± 40.4 20.04b ± 2.28 19.26b ± 1.67 

Cu 8.40b ± 0.03 5.98b ± 0.00  0.36a ± 0.00 2.30c ± 0.01 1.12b ± 0.01  0.04a ± 0.00 1.58b ± 0.00 1.09b ± 0.01  0.02a ± 0.00 7.16b ± 0.00 3.81b ± 0.01 0.30a ± 0.00 

Zn 12.71c ± 0.07 8.55b ± 0.05  0.90a ± 0.00 3.17b ± 0.74 1.93b ± 0.07  0.20a ± 0.00 2.31b ± 0.69 1.31b ± 0.08  0.17a ± 0.05 5.91c ± 0.12 2.76b ± 0.02 0.74a ± 0.05 

Pb 0.31b ± 0.00 0.12b ± 0.00  0.00b ± 0.00 0.002a ± 0.00 0.01a ± 0.00  0.00a ± 0.00 0.03a ± 0.00 0.01a ± 0.00  0.00a ± 0.00 0.42b ± 0.00 0.14b ± 0.00 0.00a ± 0.00 

Ni 9.20b ± 0.00 7.10b ± 0.00  0.21b ± 0.00 0.50b ± 0.00 0.20b ± 0.00  0.04a ± 0.00 0.80b ± 0.00 0.70b ± 0.00  0.05a ± 0.00 4.94c ± 0.20 3.11b ± 0.20 0.45a ± 0.01 
 

F1: Soil water + Carbonates + Exchangeables, F2: Iron/Manganese oxyhydroxides, F3: Organic matter + Sulphides, Residual: Total digestion (Remaining + silicate bound metals). Alphabets in 
superscripts denote the homogenous groupings from ANOVA and Duncan Multiple Range test. 

 
 
 

consequently unavailable to the plants (Chao et 
al., 2007; Zhou et al., 2007). Despite this 
observation, their extraction in F1 fractions is the 
second largest and could indicate a mixed origin 
for these metals (that is, both anthropogenic and 
lithogenic). 

Generally, for all metal under study, CMP 
exhibits the highest concentration of Fe, Cu, Zn, 
Pb, and Ni followed by CAS and then UAS. This is 
an indication that compost rich in heavy metal 
contamination may hold the possibility of metal 
transferring into soil and eventually to plant. This 
study has demonstrated these findings due to the 
relatively high heavy metal content in the compost 
and its potential remobilization in amended 
agricultural soil. It is worth noting that, although 
the levels of metals observed in CAS were below 
the permissible limits set by the WHO (2014) and 
the allowable metal values for compost in the USA 
(biosolids) and EU (Brinton, 2000). 

The mean concentration of Zn, Pb, and Ni in 
DTPA single extraction method was higher than 
F1 of BCR sequential extraction method in UAS, 
CAS, and CMP. The same was also observed for 
Fe and Cu in UAS and CMP with the exemption of 
CAS; where the concentration of Fe and Cu in F1 
of BCR sequential extraction  method  was  higher 

than DTPA single extraction method. The results 
obtained agree with the observation of 
McLaughlin et al. (2000) that DTPA may over-
estimate plant-available metals. F1 fraction of the 
BCR sequential extraction method is the sum of 
the exchangeable and carbonate fractions and the 
selected heavy metals contribute significantly to 
this fraction. This fraction is bioavailable and can 
easily be leached during changes in environmental 
conditions. They therefore, pose threat to 
groundwater quality and plant absorption.  
 
 
Conclusion 
 
Municipally derived compost can offer cost-
effective and readily available options, being rich 
in organic matter and essential nutrients. 
Amending soil with compost brings significant 
alterations to its physico-chemical properties and, 
to a lesser extent, the heavy metal content, 
including their distribution within the compost-
amended soil. It is important to note that adding 
compost to soil leads to elevated concentrations 
of heavy metals in all BCR fractions. However, the 
behavior and chemistry of these metals may be 
significantly  influenced   by   soil  mineralogy. The 

application of compost has resulted in increased 
concentrations of Fe, Cu, Zn, Pb, and Ni across 
all fractions. Notably, the mobility of Fe, Cu, Zn, 
and Ni has increased, and they are predominantly 
found in the more available fractions, specifically 
F1 (water-soluble, exchangeable, and carbonates). 
The use of composted materials as organic 
fertilizer for soil amendment in vegetable gardens 
could potentially lead to metal pollution in 
backyard vegetable farming. As such, it is strongly 
recommended that the composting process 
should include rigorous sorting and the application 
of compost should be considered only when 
essential. 
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